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 ABSTRACT   

This paper proposes a methodology to evaluate the level of service offered in the check-

in area of Brazilian regional airports, using as a case study a passenger terminal project 

proposed by the Na�onal Civil Avia�on Secretariat. For this study opera�onal aspects, 

terminal infrastructure and user profile were considered. The Taguchi Experiment Or-

thogonal Array Method was used to reduce the number of scenarios evaluated with 

Queueing Theory. An easy to apply analy�cal approach to passenger terminal check-in 

yield results that can assist decision makers in their efforts to reduce investments in the 

airport construc�on phase and op�mize system opera�on. 

 

RESUMO 

Este trabalho propõe uma metodologia de avaliação do nível de serviço oferecido na 

área de check-in de aeroportos regionais brasileiros, tendo como estudo de caso um 

projeto de terminal de passageiros, proposto pela Secretaria Nacional de Aviação Civil. 

Para o estudo foram considerados aspectos operacionais, de infraestrutura do terminal 

e perfil dos usuários. O método da matriz de arranjo ortogonal de Taguchi foi u�lizado 

para reduzir a quan�dade dos cenários que avaliados pela Teoria de Filas. Uma aborda-

gem analí�ca e de fácil aplicação para o check-in em terminais de passageiros pode ge-

rar resultados capazes de auxiliar os tomadores de decisão na tenta�va de reduzir os 

inves�mentos na fase de construção do aeroporto e o�mizar a operação do sistema. 
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1. INTRODUCTION 

In countries of continental dimensions such as Brazil, the development and integration of their 
territories are strongly related to regional air transport. The sector plays important roles, 
among them (i) the provision of services for remote and border regions, as it is the case of the 
Legal Amazon, (ii) the development of municipalities throughout the national territory, (iii) uni-
versal access to air transport, and (iv) the promotion of the tourism industry (Oliveira e Silva, 
2008). 

 The air transport industry in Brazil has developed signi&icantly in recent years, with  
successive increase in passenger demand. In addition to the country's economic growth,  
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efforts to liberalize the market, initiated in the early 1990s, were fundamental to this evolution 
(McKinsey and Company, 2010). 

 After more than 10 consecutive years of growth in the Brazilian domestic air transport mar-
ket, the number of paid passengers transported presented its &irst reduction in 2016 (7.8%). 
Even so, in the same year, a total of 88.7 million passengers were transported only on domestic 
&lights. If added to international &lights, the sector recorded an inclusion of 50 million passen-
gers in the last ten years (ANAC, 2017). 

 According to the National Civil Aviation Secretariat - SAC, Brazilian demand is expected to 
triple in 20 years, exceeding 600 million passengers per year. Even with this growth in the sec-
tor, the Brazilian still travel little by plane, compared to users from developed countries. The 
Brazilian average is 0.5 air trips per year, against 1.7 in developed countries and 2.5 in the 
United States (SAC, 2017). 

 Another characteristic of the Brazilian air network is the high concentration of air traf&ic in 
some speci&ic areas. The Southeast Region has the highest density of &lights, while large areas, 
mainly in the North Region, are not served by those airlines. This scenario impedes the social 
and economic development of the most distant locations and increases social differences in the 
country. The concentration of &lights was also highlighted in the Yearbook of the National Civil 
Aviation Agency - ANAC in the year 2017. According to the report, of the almost 90 million do-
mestic passengers embarked in Brazil, practically half originated in the southeast region  
(ANAC, 2017 ). 

 The main objective of this study is to develop a methodology to assess the level of service 
offered in the check-in area of airport terminals, capable of evaluating and predicting the quality 
of the service offered even at the airport design stage. In addition, it is discussed other im-
portant points such as: (i) impact of the passenger pro&ile on the sizing of terminals, (ii) use of 
new technologies in boarding procedures and (iii) relationship between the checked baggage 
fee and the required area in the terminal. 

2. LITERATURE REVISION 

This section presents a general approach on the main themes about this study: (i) Passenger 
terminal at a regional airport, (ii) Service level, (iii) Orthogonal arrangement matrix, (iv)  
Queuing theory, and (v) Design and evaluation of the operational components of a passenger 
terminal. 

2.1. The passenger terminal of a regional airport 

The components of a passenger terminal can be divided into two groups according to their func-
tions: operational and non-operational. The operational components are those that interfere 
with aeronautical activities and are essential in the intermodal transfer process. Non-opera-
tional components are those that do not interfere with the operation of the airport, and are used 
to improve the convenience of its users 

 The check-in area is one of the operational components and consists basically of the check-in 
counters, space for serving passengers, space for queuing and a circulation area before the be-
ginning of the queue. Feitosa (2000) de&ines the space as the “area	destined	for	occupation	by	
users	who	are	being	served	or	waiting	in	line”.	
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 The considerable increase in the number of passengers and the emergence of new technolo-
gies have changed the way which the check-in service is offered and how the capacity of airport 
passenger terminals is calculated (IATA, 2014). Innovations at airports such as self-service to-
tems for check-in or even devices for the passengers to dispatch their own luggage are increas-
ingly common in Brazilian airports, in&luencing the way the users behave in relation to the pro-
cedures which precede the &light. Therefore, if the airport is equipped with such equipment, it 
must be considered in the calculation of the airport capacity, as well as its queuing areas. 

Before boarding, passengers have the option of processing them in different ways, which may 
or may not include the use of new technologies such as online	check-in or the use of self-service 
totems at the terminal. The use of these technologies, as well as the need to check baggage, 
determine the path taken by the passenger immediately after entering the terminal. 

2.2. Level of service 

According to ACRP (2010): "The	level	of	service,	in	the	context	of	airport	terminal	planning,	is	a	
generic	term	that	describes	the	service	provided	qualitatively	and	quantitatively	to	airport	travel-

ers	at	various	points	within	the	passenger	terminal	building". In this context, the qualitative ap-
proach, or perceived service level, depends on the user's perception and assessment of the pas-
senger terminal related to its facilities and services (Rolim, 2016). The level of service offered 
quantitatively describes the service of the passenger terminal and is related to the degree of 
agglomeration or congestion of users and the waiting or processing time. This study deals only 
with the level of service offered. 

 The space required for each component of the passenger terminal varies according to the 
level of service established, which according to IATA (2019) can be subdivided into three cate-
gories, being: (i) overestimated, (ii) excellent and (iii) suboptimal. The space available to each 
user and the estimated waiting time are considered for this classi&ication, being the “overesti-
mated” service level the one which offers the best conditions for the passengers. In previous 
IATA’s studies, the service level was presented on a 6-level scale (from A to F). Table 1 presents 
the new classi&ication proposed in the tenth edition of the ADRM (Airport Development  
Reference Manual) - from IATA (2019) and its relationship with the old classi&ication. 

 
Table 1 – Service level parameters proposed by ADRM (IATA, 2019) 

IATA classifica;on (from 

the ADRM 2014 edi;on) 
Space Time 

IATA classifica;on (prior to 

the ADRM 2014 edi;on) 

Overs�mated Excessive or empty Supply of excess resources A, B 

Excellent 
Enough to accommodate the  

necessary func�ons comfortably 

Acceptable processing and 

wai�ng �me 
B, C, D 

Subop�mal 
Crowded 

Uncomfortable 

Processing and wai�ng �mes 

unacceptable 
D, E, F 

 

 IATA (2019) also establishes the area of each operational component of the passenger ter-
minal and its processing time, when applicable, so that it offers an adequate level of service to 
its user. In the case of the check-in area, the processing time also interferes with the service level 
of this operational component. Table 2 presents the values established by IATA (2019) for the 
check-in area, as well as the processing time, considering only economy class &lights. 
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 In the case of the level of service offered in the check-in area, the space and time of each level 
depend on the use of technology by the users. The IATA ADRM manual (2019) considers the use 
of self-service totems and equipment for baggage clearance by passengers in addition to  
the traditional counter. As they are regional airports, bag drop dispatch systems will not be con-
sidered, as this technology is not part of the reality of small Brazilian airports. 

 

Table 2 – Space and time for check-in procedures and respective service level. Adapted from (IATA, 2019) 

Opera;onal component 

Area (m2/pax) Processing ;me (min) 

Service level Service level 

Over Excellent Subop;mal Over Excellent Subop;mal 

C
h

e
ck

-i
n

 

Self-service totem >1,8 1,3 - 1,8 <1,3 0 0 - 2 >2 

Baggage drop-off counter >1,8 1,3 - 1,8 <1,3 0 0 - 5 >5 

Tradi�onal check-in desk >1,8 1,3 - 1,8 <1,3 <10 out/20 >20 

 

2.3. Orthogonal arrangement matrix 

In this work, a series of experiments was chosen to represent the possible &low of passengers 
during the procedure to understand the behavior of the queue for checking in at an airport. An 
experiment, or scenario, is the result of a combination of factors (or parameters) and levels. In 
this work, the factors are related to the passenger’s pro&ile and the airport. The passenger’s 
pro&ile concerns the behavior of the users' arrival, the baggage fee and the type of check-in car-
ried out by the passengers. As for the infrastructure, it is related to the number of counters and 
self-service totems available. 

 If the combination of all factors and levels were used, this would require many experiments, 
making the application of the method unfeasible. Therefore, to reduce the number of tests re-
quired, the Orthogonal Array Matrix technique is used The use of matrices with this con&igura-
tion allows obtaining as much information as possible about the effects of factors with a mini-
mum number of experiments, simplifying the application and analysis of the data (Ross, 1991). 

The robust project design (Taguchi’s	Robust	Parameter	Design	-	RPD) is an engineering method-
ology used to improve research productivity and can be developed with single or mixed level 
orthogonal matrices. Single-level orthogonal matrices are those in which the factors have the 
same number of levels and are represented as can be seen in Equation (1). 

	 Lscenarios	(levelfactor) (1) 
 The matrices L9 (34), L25 (56) and L32 (231) are examples of single-level orthogonal matrices. 
In the orthogonal matrices of mixed level, different factors can have different levels. This is the 
case of the matrix L’32 (21 x 49) which is formed by a 1 factor with 2 levels and 9 factors with 4 
levels each. Examples of mixed matrices are also: (i) L18 (21 x 37), L36 (211 x 312) e L54 (21 x 325). 

In the standard single-level orthogonal matrix of Taguchi, the number of experiments is repre-
sented by letter "L", and it is associated with the number of factors and levels. This relationship 
is de&ined by the following Equation 2 (Ross, 1991): 

 ������ �	 �
������
�� = 1 + � (
 − 1) (2) 

2.4. Queuing theories 

In addition to the Taguchi Method, the Queue Theory method is also used in this work.  
This method is de&ined by Fogliatti and Mattos (2007) as an analytical modeling of a system that 
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results in waiting. Queues are optimized and evaluated by performance measures,  
which numerically express the time spent by customers and the average number of users in the 
system. 

 According to Arenales (2007), queues can be formed when the demand for a service is 
greater than its capacity. They can be observed in service systems such as banks, supermarkets, 
post of&ices, among others. Queuing theory is the branch of Operations Research that studies 
the effects of this queue and the relationship among demand for the system, service provision 
and capacity. Queuing theory can be used to predict the operation of a passenger terminal, for 
example, and assist in its design and dimensioning of operational components. 

2.4.1. Performance measures 

In queuing theory, a notation is used to describe the type of each queue according to its charac-
teristics and behavior. In this work, the Kendall-Lee notation will be used, which has the follow-
ing notation (Chwif and Medina, 2014): 

(a/b/c):(d/e/f) 

 Where: (a) represents the distribution of customer arrivals in the system, (b) represents the 
distribution of system exits (service time), (c) represents the number of system servers, (d) 
represents queue discipline, (e) represents the maximum number (&inite or in&inite) allowed in 
the system, and &inally (f) represents the font size of &inite or in&inite users. 

 In some studies, the queue representation is simpli&ied and only the &irst characteristics (a / 
b / c) are represented. In this research, the rows M / M / k and M / G / k will be used, and their 
characteristics will be described later. 

 To describe the arrival of customers in the system, the symbol λ is usually used in two ways: 
(i) number of customers arriving in a certain time interval and (ii) the time between two con-
secutive arrivals. 

 The characterization of user service follows the same logic as the arrival of customers in the 
system and it is represented by � in two ways: (i) number of calls in a given time interval (ser-
vice rate) and (ii) time between two consecutive calls. 

 In the Theory of Queues, performance indicators are considered to evaluate the operational 
characteristics, which are calculated for a given model of queues through mathematical corre-
lations. Here are some performance measures relevant to the study and that help to describe 
and evaluate a queue: 

• ρ: Server utilization rate (measures server congestion); 

� = �
�� 

• P0: Probability that the system is idle; 

• Pn: Probability that there are n customers in the queue or being served; 

• L: Average number of customers in the system; 

• LQ: Average number of customers in the queue; 

• W: Average time of the customer in the system; and 

• WQ: Average time of customer in the queue. 
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2.4.2. Queue of M / M / k type 

In the M / M / k model, k servers are considered, with the arrival of customers in the system (λ) 
and the service time of servers (�) following an exponential rate. 

 After applying equations and mathematical effort, Arenales (2007) de&ined that the average 
number of users in the LQ queue can be calculated by the following Equation (3). 

 �� = ��
(��) �

�!("#�)$  (3) 

 P0 being the probability that the system is empty. Assuming ρ <0, the value of P0 is given by 
the following Equation (4): 

 �� = "
∑ ( &)'

'! ( ( &) 
 !()*&)

 *)'+,
  (4) 

 The average time of the customer in the queue (WQ) can be obtained by the relation pre-
sented in Equation (5): 

 -� = ./
0   (5) 

2.4.3. Queue M/G/k type 

A system is considered M / G / k when only the arrival rate of the customer (λ), or passenger, is 
exponentially distributed. The same does not happen with the service fee (�), which has a ge-
neric distribution and is considered a standard deviation. In this case the system has less dis-
tribution &lexibility. More than server (k) can be considered regarding their number, which in 
this case are represented by the check-in counters or self-service totem. 

 The M / G / k queues are more complex compared to the M / M / k queues, which requires a 
greater mathematical effort to determine the average time of the customer in the queue (WQ) 
and the average number of customers in the queue (LQ). 

 Ross (2007) developed the approach for calculating the average time in the system (WQ) in 
rows of the M / G / k type, as can be seen in Equation (6). 

 -� ≈  0 234 *)

5(�#")!(�#034)$6∑ (789)'
'! ( (789) 

( *))!( *789)
 *)'+, :

  (6) 

Where: DP represents the standard deviation of service time (�) 

 The average number of customers in the queue (LQ) can be determined by the following re-
lationship: 

�� ≈  λ ∗  -�  
2.5. Design and evalua;on of the opera;onal components of a passenger terminal 

It is known that the dimensioning or veri&ication of capacity and service level of airport compo-
nents can be applied to three types of methods: (i) Empirical - ergonomic aspects are used based 
on the good sense and experience of the designers or researchers; (ii) Analytical - Use of equa-
tions, linear regressions, statistical data and Queuing Theory; (iii) Simulation - Creation of rep-
resentative models and subsequent simulation with the aid of software (such as Arena and CAST 
Terminal, among others). 

 Table 3 presents a summary of the studies, presented in chronological order, which were the 
subject of this work. It is noted that some researchers used analytical methods while others 
used simulation. Some points in common with this work are highlighted: the use of Queuing 
Theory, operational component of the analyzed passenger terminal (check-in area),  
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research methodology used to reduce scenarios (Taguchi Method) and type from case study 
airport  
(regional). 

 The Taguchi Method for orthogonal array matrices is an important tool for reducing simula-
tion scenarios, and has already been applied in academic studies in different areas. Borille and 
Correia (2013) used this tool to enable the simulation of landing procedures in large Brazilian 
airports. 

 
Table 3 – Items covered, and methodologies adopted in the literature review studies 
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Taguchi method               

Regional Airport               

 

 Queuing theory can also be used to solve problems in several areas where queuing is ob-
served, such as banks, supermarkets, and toll plazas, among others. No studies have been found 
that apply the Taguchi techniques to reduce scenarios and further analyze through Queuing 
Theory and believe that the present work &ills this gap by adding these techniques to the study 
of service level offered at check-in at regional airports. 

3. METHODOLOGY 

 A summary of the methodology used and its steps is presented in Figure 1.  

 

 
Figure 1. Steps of the proposed methodology 
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 The Queuing Theory is applied in the check-in area of the Modular Terminal M3, proposed 
by the Regional Aviation Development Program, which is the module with the highest capacity 
among the four presented by the program. The &loor plan used as the basis for the model was 
provided by the Civil Aviation Secretariat. 

 In the design of this Modular Terminal M3 it is indicated that it will have a total of 3,550 m2 
and boarding capacity for 200 passengers, of which approximately 208 m2 will be dedicated to 
the check-in procedure. 

 In a passenger terminal, the user can perform boarding, disembarking or connection proce-
dures. Each of them uses certain operational components of the terminal, which must be capa-
ble of handling this movement. The design of the airport in study is of a regional type and, there-
fore, the procedures of passengers in connection were not considered. For this work, only the 
check-in area is considered, which is a step in the boarding &low 

 The &low sequence in the check-in area of this study follows the model found in most Brazil-
ian airports. Figure 2 shows the scheme of possible &lows for check-in procedures that passen-
gers must follow, and the path taken by each user depends on the input data. 

 

 
Figure 2. Possible flows for the check-in procedure 

 

 The &low of passengers in the check-in area of an airport terminal can be seen as a decision 
tree in which the user has options according to his pro&ile, type of check-in and the need to check 
baggage. Therefore, different users can take different paths within the same system, which also 
affects their processing time. 

3.1. Model input data 

For the construction of the check-in model to be analyzed in this work, as well as for the appli-
cation of queuing theory, possible scenarios are proposed for the check-in area. These scenarios 
are the result of a combination of factors (or parameters), creating several possibilities for op-
erating the environment. 
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 As it is a passenger terminal that has not yet been built and that will be able to serve users of 
different pro&iles, some input data were stipulated in a manner consistent with that found in 
other regional airports in operation in Brazil. 

 The Taguchi Orthogonal Array Matrix is formed by factors and levels, and all factors must 
have the same number of levels. 10 factors were selected to represent the possibilities of events 
at the passenger terminal under study. The factors are: (a) Number of airlines operating,  
(b) Number of passengers processed, (c) Passenger arrival curve at the airport, (d) Usage fee 
for each type of check-in, (e) Distribution from the counters, (f) Fee for passengers with checked 
baggage, (g) Advance of opening the counters, (h) Service time at the traditional check-in coun-
ter, (i) Service time at the baggage drop-off counter, and (j) Service time at the self-service to-
tem. For each of these factors, 4 levels were adopted, which are shown in Table 4. 

 
Table 4 – Factors and levels adopted 

Factor Acronyms 
Level 

1 2 3 4 

Number of passengers on board Pax 50 120 190 260 

Passenger arrival rate at the air-

port (% of total in the 30 

minutes peak) 

Tch 20% 30% 40% 50% 

Usage fee for each type of 

check-in 
Tut 

Counter 20% Counter 30% Counter 40% Counter 50% 

Totem 25% Totem 20% Totem 15% Totem 10% 

Online 55% Online 50% Online 45% Online 40% 

Passenger fee with checked 

baggage 
Tbg 30% 40% 50% 60% 

Service �me at the tradi�onal 

check-in desk 
Tbt 02:30 03:00 03:30 04:00 

Service �me at the baggage 

drop-off counter 
Tbd 01:30 01:50 02:10 02:30 

Self-service totem service �me TR 02:10 02:30 02:50 03:10 

Number of tradi�onal counters Bt 1 2 3 4 

Number of self-service totems Ba 1 2 3 4 

Number of dispatch counters Bd 1 2   

 

4. APPLICATION OF THE METHODOLOGY AND ANALYSIS OF RESULTS 

4.1. Crea;on of the experiment matrix  

The number of levels and factors adopted corresponds to a mixed level orthogonal array of the 
L’32 type (21 x 49), with 32 scenarios. The use of this technique reduced the number of neces-
sary experiments from 13,122 to 32 scenarios, enabling the application of queuing theory. Table 
5 shows the result of the combination, between 9 factors and 4 levels, and 1 factor and 2 levels, 
used to form the L32 matrix and the composition of each scenario. 

4.2. DETERMINATION OF THE QUANTITY OF EQUIPMENT REQUIRED 

In queuing theory, ρ represents the percentage of time the system remains busy and measures 
system congestion. For queues with an exponential arrival pattern, the value of ρ must be less 
than 1 to ensure that the passenger arrival rate is lower than the attendance rate. Otherwise, an 
in&inite queue will be formed, making it impossible to calculate your performance measures. 

With the value of ρ, we can determine the amount of equipment or servers (traditional counter, 
dispatch counter and self-service totem) needed for the system to be stable. It is known that: 
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� = �
�� 

 For the system to be stable, ρ <1. Thus: 

� > �
� 

 

 In practice, when ρ> 1, the system will not be able to process customers and the service level 
of the operational component will be considered suboptimal. This situation was veri&ied in 
some of the scenarios and the relationship between the amount of equipment available and 
needed in each scenario is presented in the following topics. 

 
Table 5 – Experiment Matrix (Scenarios) L’32. 

Scenario 
Ortogonal matrix L’32 

Bd Pax Tch Tut Tbg (%) Tbt Tbd TK Bt Ba 

1 1 50 20% 20-25-55 30% 02:30 01:30 02:10 1 1 

2 1 50 30% 30-20-50 40% 03:00 01:50 02:30 2 2 

3 1 50 40% 40-15-45 50% 03:30 02:10 02:50 3 3 

4 1 50 50% 50-10-40 60% 04:00 02:30 03:10 4 4 

5 1 120 20% 20-25-55 40% 03:00 02:30 02:50 4 4 

6 1 120 30% 30-20-50 30% 02:30 02:10 03:10 3 3 

7 1 120 40% 40-15-45 60% 04:00 01:50 02:10 2 2 

8 1 120 50% 50-10-40 50% 03:30 01:30 02:30 1 1 

9 1 190 20% 30-20-50 50% 04:00 01:30 02:30 3 4 

10 1 190 30% 20-25-55 60% 03:30 01:50 02:10 4 3 

11 1 190 40% 50-10-40 30% 03:00 02:10 03:10 1 2 

12 1 190 50% 40-15-45 40% 02:30 02:30 02:50 2 1 

13 1 260 20% 30-20-50 60% 03:30 02:10 03:10 2 1 

14 1 260 30% 20-25-55 50% 04:00 02:30 02:50 1 2 

15 1 260 40% 50-10-40 40% 02:30 01:30 02:30 4 3 

16 1 260 50% 40-15-45 30% 03:00 01:50 02:10 3 4 

17 2 50 20% 50-10-40 30% 04:00 01:50 02:50 2 3 

18 2 50 30% 40-15-45 40% 03:30 01:30 03:10 1 4 

19 2 50 40% 30-20-50 50% 03:00 02:30 02:10 4 1 

20 2 50 50% 20-25-55 60% 02:30 02:10 02:30 3 2 

21 2 120 20% 50-10-40 40% 03:30 02:30 02:10 3 2 

22 2 120 30% 40-15-45 30% 04:00 02:10 02:30 4 1 

23 2 120 40% 30-20-50 60% 02:30 01:50 02:50 1 4 

24 2 120 50% 20-25-55 50% 03:00 01:30 03:10 2 3 

25 2 190 20% 40-15-45 50% 02:30 01:50 03:10 4 2 

26 2 190 30% 50-10-40 60% 03:00 01:30 02:50 3 1 

27 2 190 40% 20-25-55 30% 03:30 02:30 02:30 2 4 

28 2 190 50% 30-20-50 40% 04:00 02:10 02:10 1 3 

29 2 260 20% 40-15-45 60% 03:00 02:30 02:30 1 3 

30 2 260 30% 50-10-40 50% 02:30 02:10 02:10 2 4 

31 2 260 40% 20-25-55 40% 04:00 01:50 03:10 3 1 

32 2 260 50% 30-20-50 30% 03:30 01:30 02:50 4 2 

 

4.2.1. Traditional counters 

The number of traditional check-in counters was insuf&icient in 12 of the 32 proposed scenarios. 
Figure 3 shows the relationship between the number of counters available and necessary in 
each of the hypotheses of the study. The dashed line represents the ρ, that is, the scenarios  
represented by dots to its right (red) have ρ> 1 and, therefore, are unstable. 
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 In 10 of the 12 scenarios with ρ> 1 (represented in Figure 3 by the numbers: 8, 11, 12, 14, 
15, 16, 28, 29, 30 and 32), the number of passengers processed was 190 or 260 passengers, 
proving the logic that a greater volume of customers will demand more service equipment from 
the system. 

 Other scenarios with the same number of users showed ρ <1 due to the in&luence of other 
factors such as: (i) low rate of use of the traditional check-in counter, (ii) fast processing of cus-
tomers, and (iii) number of counters compatible with the volume of passengers.  
 
This is the case of scenario 31, in which 3 traditional counters were suf&icient to process 260 
users. In this case, only 20% of the total passengers used the equipment. 

 

 
Figure 3. Relationship between the number of available and necessary traditional counters 

 

 On the other hand, the service was underused in some scenarios such as “experiment 19”, for 
example, in which 4 traditional check-in counters were offered for processing only 50 passen-
gers, of which only 40% used the equipment. In cases like these, queuing theory can be an im-
portant tool for system optimization and cost reduction, as the demand for this scenario would 
be met with just one counter. 

4.2.2. Baggage drop-off counters 

For the analysis of the number of baggage drop-off counters, this study considers scenarios with 
1 or 2 units and among the 32 analysis scenarios, it is found that in 11 experiments the number 
of check-in counters is insuf&icient. The equipment is used by passengers who have checked in 
online or by the self-service totem and have luggage to be dropped off. In this case, the  
percentage of users with luggage becomes a determining factor, but the type of check-in and the 
number of passengers processed are also relevant. 

 The relationship between the number of exclusive counters for the dispatch of available lug-
gage (Y axis) and the required quantity (X axis) is shown in Figure 4 and the dashed line repre-
sents the ρ, that is, the scenarios represented by points on your right (red) have ρ> 1, therefore, 
they are unstable. 

 Among the study scenarios, all of them would be served with at least 3 baggage drop-off 
counters, except scenarios 14 and 31, which require 4 pieces of equipment.  
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Both have high levels for the factors that are highlighted below: 

• 260 passengers processed; 

• 80% of passengers checked in online or on the self-service totem; and 

• 60% of passengers must check baggage. 

 

 
Figure 4. Relationship between the number of available and necessary baggage drop-off counters  

  

4.2.3. Self-service totem 

Scenarios are also proposed in which the number of self-service totems varies between 1 and 
4. The relationship between the number of available totems (Y axis) and necessary ones (X axis) 
in each of the hypotheses of the study is shown in Figure 5, in which the dashed line represents 
the ρ, and the experiments represented by points on the right have ρ> 1 and, therefore, are  
unstable. 

 

 
Figure 5. Relationship between the number of available and necessary self-service totems 

 

 In 28 of the 32 scenarios in the study, the number of self-service totems is suf&icient to pro-
cess passengers (ρ <1) and only 1 totem would be necessary to guarantee system stability in 
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68.75% of the scenarios. The number of equipment proposed for the traditional check-in coun-
ters and self-service totems was the same (ranging from 1 to 4 units), but this amount proved 
to be suf&icient for more scenarios in relation to the self-service totems. This observation was 
already expected since totems have a shorter service time and usage rate than traditional  
counters. 

4.3. Service level assessment 

To determine the service level of the check-in area, it is necessary to know the processing times 
and the area available to each passenger during the peak movement of the terminal.  Thus, the 
queuing theory was applied to the 32 analysis scenarios, then, the values of the approximate 
average time of the customer in the queue (WQ) and the approximate average of customers in 
the system (L) are obtained. 

 The average time of the customer in the queue (WQ) was the parameter to determine the 
level of service in each type of check-in (traditional counter, drop off counter and self-service 
totem) in relation to the user's waiting time. Each type has different classi&ications for the level 
of service, and the same was evaluated for each case. 

 
Table 6 – Service level pattern for the 32 scenarios analyzed  

sc
e

n
a

ri
o

 

Queue with M / M / k behavior Queue with M / G / k behavior 

Processing �me 
Area General 

Processing �me 
Area General 

Trad. Totem Desp. Trad. Totem Desp. 

1 Over. Op�mal Op�mal Over. Op�mal Over. Over. Over. Over. Over. 

2 Over. Op�mal Op�mal Over. Op�mal Over. Over. Over. Over. Over. 

3 Over. Over. Op�mal Over. Op�mal Over. Over. Over. Over. Over. 

4 Over. Over. Op�mal Over. Op�mal Over. Over. Op�mal Over. Op�mal 

5 Over. Over. Op�mal Over. Op�mal Over. Over. Op�mal Over. Op�mal 

6 Over. Over. Op�mal Over. Op�mal Over. Over. Op�mal Over. Op�mal 

7 Sub. Op�mal Sub. Sub. Sub. Sub. Over. Sub. Sub. Sub. 

8 Sub. Sub. Op�mal Sub. Sub. Sub. Op�mal Op�mal Sub. Sub. 

9 Over. Over. Sub. Over. Sub. Over. Over. Op�mal Over. Op�mal 

10 Over. Op�mal Sub. Sub. Sub. Over. Over. Sub. Sub. Sub. 

11 Sub. Op�mal Sub. Sub. Sub. Sub. Over. Sub. Sub. Sub. 

12 Sub. Sub. Sub. Sub. Sub. Sub. Sub. Sub. Sub. Sub. 

13 Op�mal Sub. Sub. Sub. Sub. Over. Sub. Sub. Sub. Sub. 

14 Sub. Sub. Sub. Sub. Sub. Sub. Op�mal Sub. Sub. Sub. 

15 Sub. Over. Sub. Sub. Sub. Sub. Over. Op�mal Sub. Sub. 

16 Sub. Over. Sub. Sub. Sub. Sub. Over. Sub. Sub. Sub. 

17 Over. Over. Over. Over. Over. Over. Over. Over. Over. Over. 

18 Over. Over. Over. Over. Over. Over. Over. Over. Over. Over. 

19 Over. Op�mal Op�mal Over. Op�mal Over. Over. Over. Over. Over. 

20 Over. Op�mal Op�mal Over. Op�mal Over. Over. Over. Over. Over. 

21 Over. Over. Op�mal Over. Op�mal Over. Over. Over. Over. Over. 

22 Over. Sub. Op�mal Over. Sub. Over. Over. Over. Over. Over. 

23 Sub. Over. Op�mal Sub. Sub. Sub. Over. Over. Sub. Sub. 

24 Over. Op�mal Op�mal Over. Op�mal Over. Over. Over. Over. Over. 

25 Over. Op�mal Over. Over. Op�mal Over. Over. Over. Over. Over. 

26 Sub. Sub. Op�mal Over. Sub. Over. Op�mal Over. Over. Op�mal 

27 Op�mal Over. Sub. Sub. Sub. Over. Over. Sub. Sub. Sub. 

28 Sub. Op�mal Sub. Sub. Sub. Sub. Over. Sub. Sub. Sub. 

29 Sub. Over. Op�mal Sub. Sub. Sub. Over. Over. Sub. Sub. 

30 Sub. Over. Op�mal Sub. Sub. Sub. Over. Over. Sub. Sub. 

31 Op�mal Sub. Sub. Sub. Sub. Over. Sub. Sub. Sub. Sub. 

32 Sub. Sub. Sub. Sub. Sub. Sub. Sub. Sub. Sub. Sub. 
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 Regarding the level of service related to the space available to each user of the system, the 
value is obtained by dividing the area allocated to check-in by the number of customers in the 
system during the most congested period. As it is a unique environment and the classi&ication 
of the service level is the same for all types of check-in, the number of passengers is considered 
as the sum of users of the traditional counter, dispatch counter and self-service totem. 

 In addition, the worst level of performance across time and space is considered as the overall 
service level in each scenario. Table 4.3 shows the service level obtained by the queuing theory 
for each scenario considering the model as M / M / k and M / G / k. In Table 6, the green color 
represents the oversized service level, the yellow color represents the optimal standard and the 
red color the suboptimal standard. 

 The service time for queues of M / M / k type follows an exponential rate, that is, it can vary 
more in relation to queues of type M / G / k. This &lexibility directly interfered with the result of 
each type of check-in, and the service levels obtained by the M / M / k lines are lower compared 
to the models using the M / G / k type. 

 The time of attendance at check-in counters and totems can vary in some situations depend-
ing on the occurrence of unforeseen circumstances or lack of practice by the attendant, for ex-
ample. Frequent passengers tend to check-in in considerably less time compared to a user who 
will be performing the procedure for the &irst time. Dif&iculties in using technology such as self-
service totems, for example, also interfere with the &inal processing time. In this context, the  
M / M / k queues consider this variation and the results obtained for the service level were  
satisfactory. 

 On the other hand, in lines of type M / G / k, the service time is not exponential and varies 
within a standard deviation, which was considered as 0.5 minutes for this model.  

 The low &luctuation in the average service time (µ) made the estimated average customer 
time in queue (WQ) values low and the service level oversized in almost all scenarios. 

 The sub-optimal service levels found were the result of system instability caused by ρ> 1. 

5. CONCLUSIONS 

In this study, different methods were used to assess the service level of the check-in area of a 
Brazilian regional airport model. Considering that each user has a certain pro&ile and several 
possibilities to perform this procedure, the possible paths of passengers were mapped to un-
derstand their possible behavior within the studied area.  

 The Taguchi Orthogonal Matrix Method was used to reduce these possibilities and create 
possible scenarios to be analyzed. After this stage, factors and levels that interfere with the pas-
senger &low at the terminal were determined. With this method it was possible to establish pa-
rameters according to data from existing Brazilian airports and generate coherent results even 
without the need for further research or data collection. 

 Queuing Theory was the method used to analyze the 32 scenarios created and determine the 
corresponding service level for each one according to the average waiting time and the available 
area for each passenger.  

 The main parameters that helped to describe the queue behavior were determined through 
equations 

 The queues were analyzed considering the M / M / k and M / G / k models, and the results 
of the &irst were coherent, considering that the average service time can vary considerably  
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according to the pro&ile of the customer and the employee responsible for performing the pro-
cedure. The M / M / k model is also widely used in academic studies and some examples of its 
use have been pointed out in the literature review. 

 The passenger terminal in the case study (Module M3) has a declared capacity of 200 pas-
sengers, but in some scenarios, the service level was considered suboptimal for processing 
lower numbers of users than this one. However, the terminal has an area suitable for the de-
clared passenger capacity and the addition of check-in counters and self-service totems can 
solve this problem. In addition, in some scenarios, several counters less than that indicated by 
the project were considered. 

 The study also provided parameters that can be used to design new airport passenger termi-
nals or to optimize areas in operation. Easy-to-understand graphs can be used to determine the 
required number of check-in counters, baggage drop-offs and self-service totems according to 
the number of passengers processed. The proposed model is easy to apply and provides an an-
alytical solution for the analysis of the check-in procedure. In this context, simulation is also an 
excellent tool for this investigation, but the high cost of software and the lack of trained labor 
makes it dif&icult to apply, especially in small airports. 
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